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TITLE OF THE INVENTION 

LIQUID CRYSTAL DISPLAY DEVICE 

BACKGROUND OF THE INVENTION 

The present invention relates to a liquid crystal display device, and 
more particularly to a so-called "partial transmission type" active matrix 
liquid crystal display device. 

In an active matrix type liquid crystal display device, on a liquid- 
crystal-side surface of one of respective transparent substrates which are 
pjj arranged to face each other in an opposed manner while sandwiching liquid 

jy? crystal therebetween, gate signal lines which are extended in the x direction 


M 


and are arranged in the y direction in parallel and drain signal lines which 
are extended in the y direction and are arranged in the x direction in parallel 
are formed, and regions surrounded by these respective signal lines are 
formed as pixel regions. 

A thin film transistor which is driven by scanning signals from a 
one -side gate signal line and a pixel electrode to which video signals are 
supplied from a one-side drain signal line through the thin film transistor 
are provided to each pixel region. 

Further, with respect to such a liquid crystal display device, a so- 
called partial transmission type liquid crystal display device includes a light 
transmission portion which constitutes a region which allows light from a 
backlight disposed at a back surface side to pass therethrough and a light 
reflection portion which constitutes a region in which an external light such 
as sun beams are reflected on each pixel region. 


The light transmission portion is formed of a region which 
constitutes the pixel electrode using a light-transmitting conductive layer 
and the light reflection portion is formed of a region which constitutes the 
pixel electrode using a non-light-transmitting conductive layer having a 
light-reflecting function. 

However, with respect to the liquid crystal display device having 
such a constitution, it has been pointed out that the contrast of display is 
largely reduced particularly when the liquid crystal display device is used in 
a light reflection mode. 

y As a result of the study of causes of such phenomenon, inventors of 

p 

the present invention have found that the pixel electrode which is formed on 
the light reflection portion is constituted of the non-light-transmitting 
conductive layer and hence, a capacitive element or the like is generated at a 
Q lower-layer side of the pixel region in many cases whereby the height of the 

yp pixel electrode which also functions as a reflection film differs with respect to 

S 

fy| a substrate. 

The difference in height of the reflection film results in the 
difference of layer thickness of liquid crystal in such portions and this brings 
about the lowering of contrast. 

For example, it has been known from a result of an experiment that 
when the difference of 0.2 \im is generated with respect to the height of the 
reflection film, the contrast is halved. 

The present invention is made in view of such circumstances and it 
is an object of the present invention to provide a liquid crystal display device 
which can enhance the contrast. 
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SUMMARY OF THE INVENTION 

To simply explain the summary of typical examples among 
inventions which are disclosed in the specification, they are as follows. 
Means 1. 

A liquid crystal display device according to the present invention 
% y includes, for example, pixel regions each of which is divided into a light 

reflection portion and a light transmission portion on a liquid-crystal-side 
surface of one substrate out of substrates which are arranged to face each 
other in an opposed manner while sandwiching liquid crystal therebetween, 
g wherein 

^ on each pixel region, a first light-transmitting pixel electrode which 

s 

is formed on the light reflection portion and the light transmission portion, a 

M 

, material layer which is formed on a major portion of the light reflection 

P 

y portion, an insulation layer in which an opening is formed at the light 

\Q transmission portion, and a second pixel electrode which is formed on the 

p 

fU light reflection portion and also functions as a reflection film are sequentially 

laminated. 
Means 2. 

A liquid crystal display device according to the present invention 
includes, for example, pixel regions each of which is divided into a light 
reflection portion and a light transmission portion on a liquid-crystal-side 
surface of one substrate out of substrates which are arranged to face each 
other in an opposed manner while sandwiching liquid crystal therebetween, 
wherein 

the pixel region is formed as a region which is surrounded by a pair 
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of gate signal lines and a pair of drain signal lines and includes a thin film 
transistor which is operated in response to scanning signals from one gate 
signal line out of the pair of gate signal lines and first and second pixel 
electrodes to which video signals from one drain signal line out of the pair of 
drain signal lines are supplied through the thin film transistor, and 

on each pixel region, the first light-transmitting pixel electrode 
which is formed on the light reflection portion and the light transmission 
portion, a material layer which is formed on a major portion of the light 
reflection portion, an insulation layer in which an opening is formed at the 
light transmission portion, and the second pixel electrode which is formed on 
the light reflection portion and also functions as a reflection film are 
S sequentially laminated. 

M 

3 ~ Means 3. 

yj A liquid crystal display device according to the present invention 

M 

0 includes, for example, pixel regions each of which is divided into a light 

D 

nj reflection portion and a light transmission portion on a liquid-crystal- side 

surface of one substrate out of substrates which are arranged to face each 
other in an opposed manner while sandwiching liquid crystal therebetween, 
wherein 

the pixel region is formed as a region which is surrounded by a pair 
of gate signal lines and a pair of drain signal lines and includes a thin film 
transistor which is operated in response to scanning signals from one gate 
signal line out of the pair of gate signal lines and first and second pixel 
electrodes to which video signals from one drain signal line out of the pair of 
drain signal lines are supplied through the thin film transistor, 
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on each pixel region, the first light-transmitting pixel electrode 
which is formed on the light reflection portion and the light transmission 
portion, a material layer which is formed on a major portion of the light 
reflection portion, an insulation layer in which an opening is formed at the 
light transmission portion, and the second pixel electrode which is formed on 
the light reflection portion and also functions as a reflection film are 
sequentially laminated, and 

a total layer thickness of the first pixel electrode and the material 

^ layer and a layer thickness of the gate signal line are respectively set to 

g equal to or less than 100 nm. 

y?j Means 4. 

A liquid crystal display device according to the present invention 

M 

g includes, for example, pixel regions each of which is divided into a light 

D 

hf reflection portion and a light transmission portion on a liquid-crystal-side 

H< 

yy surface of one substrate out of substrates which are arranged to face each 

P 

fU other in an opposed manner while sandwiching liquid crystal therebetween, 

wherein 

the pixel region is formed as a region which is surrounded by a pair 
of gate signal lines and a pair of drain signal lines and includes a thin film 
transistor which is operated in response to scanning signals from one gate 
signal line out of the pair of gate signal lines and first and second pixel 
electrodes to which video signals from one drain signal line out of the pair of 
drain signal lines are supplied through the thin film transistor, 

on each pixel region, the first light-transmitting pixel electrode 
which is formed on the light reflection portion and the light transmission 
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portion, a material layer which is formed on a major portion of the light 
reflection portion, an insulation layer in which an opening is formed at the 
light transmission portion, and the second pixel electrode which is formed on 
the light reflection portion and also functions as a reflection film are 
sequentially laminated, and 

the difference between a total layer thickness of the first pixel 
electrode and the material layer and a layer thickness of the gate signal line 
is set to equal to or less than 0.1 \xm. 
Means 5. 

M= 

p* A liquid crystal display device according to the present invention 

yo 

includes, for example, pixel regions each of which is divided into a light 
reflection portion and a light transmission portion on a liquid-crystal-side 
surface of one substrate out of substrates which are arranged to face each 
hp other in an opposed manner while sandwiching liquid crystal therebetween, 

)Q wherein 

h 

rU the pixel region is formed as a region which is surrounded by a pair 

of gate signal lines and a pair of drain signal lines and includes a thin film 
transistor which is operated in response to scanning signals from one gate 
signal line out of the pair of gate signal lines and first and second pixel 
electrodes to which video signals from one drain signal line out of the pair of 
drain signal lines are supplied through the thin film transistor, and 

on each pixel region, the first light-transmitting pixel electrode 
which is formed on the light reflection portion and the light transmission 
portion, an extension layer of a source electrode of the thin film transistor 
which is connected to the first pixel electrode and is formed on a major 


P 
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portion of the light reflection portion, an insulation layer in which an 
opening is formed at the light transmission portion, and the second pixel 
electrode which is formed on the light reflection portion, is connected to the 
source electrode through a contact hole formed in the insulation layer and 
also functions as a reflection film are sequentially laminated. 
Means 6. 

A liquid crystal display device according to the present invention 
includes, for example, pixel regions each of which is divided into a light 
. s reflection portion and a light transmission portion on a liquid-crystal- surface 

jjjjj side of one substrate out of substrates which are arranged to face each other 

fr8 in an opposed manner while sandwiching liquid crystal therebetween, 

wherein 

the pixel region is formed as a region which is surrounded by a pair 

P 

yj of gate signal lines and a pair of drain signal lines and includes a thin film 

\D transistor which is operated in response to scanning signals from one gate 

P 

TU signal line out of the pair of gate signal lines and first and second pixel 

electrodes to which video signals from one drain signal line out of the pair of 
drain signal lines are supplied through the thin film transistor, 

on each pixel region, the first light-transmitting pixel electrode 
which is formed on the light reflection portion and the light transmission 
portion, an extension layer of a source electrode of the thin film transistor 
which is connected to the first pixel electrode and is formed on a major 
portion of the light reflection portion, an insulation layer in which an 
opening is formed at the light transmission portion, and the second pixel 
electrode which is formed on the light reflection portion, is connected to the 


& 


si 

if 
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source electrode through a contact hole formed in the insulation layer and 
also functions as a reflection film are sequentially laminated, and 

the difference between a total layer thickness of the first pixel 
electrode and the extension layer of the source electrode and a layer 
thickness of the gate signal line is set to equal to or less than 0.1 urn- 
Means 7. 

A liquid crystal display device according to the present invention 
includes, for example, pixel regions each of which is divided into a light 
reflection portion and a light transmission portion on a liquid-crystal-side 

n2 

p surface of one substrate out of substrates which are arranged to face each 

other in an opposed manner while sandwiching liquid crystal therebetween, 
wherein 

the pixel region is formed as a region which is surrounded by a pair 

D 

y of gate signal lines and a pair of drain signal lines and includes a thin film 

h* 

fcQ transistor which is operated in response to scanning signals from one gate 

p 

fU signal line out of the pair of gate signal lines and first and second pixel 

electrodes to which video signals from one drain signal line out of the pair of 
drain signal lines are supplied through the thin film transistor, 

on each pixel region, the first light- transmitting pixel electrode 
which is formed on the light reflection portion and the light transmission 
portion, a material layer which is formed on a major portion of the light 
reflection portion, an insulation layer in which an opening is formed at the 
light transmission portion, and the second pixel electrode which is formed on 
the light reflection portion and also functions as a reflection film are 
sequentially laminated, and 
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the second pixel electrode is formed in a superposed manner on the 
other gate signal line out of the pair of gate signal lines. 
Means 8. 

A liquid crystal display device according to the present invention 
includes, for example, pixel regions each of which is divided into a light 
reflection portion and a light transmission portion on a liquid-crystal-side 
surface of one substrate out of substrates which are arranged to face each 
other in an opposed manner while sandwiching liquid crystal therebetween, 
wherein 

the pixel region is formed as a region which is surrounded by a pair 
of gate signal lines and a pair of drain signal lines and includes a thin film 
transistor which is operated in response to scanning signals from one gate 
signal line out of the pair of gate signal lines and first and second pixel 
electrodes to which video signals from one drain signal line out of the pair of 
drain signal lines are supplied through the thin film transistor, 

on each pixel region, the first light-transmitting pixel electrode 
which is formed on the light reflection portion and the light transmission 
portion, a material layer which is formed on a major portion of the light 
reflection portion, an insulation layer in which an opening is formed at the 
light transmission portion, and the second pixel electrode which is formed on 
the light reflection portion and also functions as a reflection film are 
sequentially laminated, and 

the second pixel electrode is formed in a superposed manner on the 
other gate signal line out of the pair of gate signal lines, and a height 
adjusting material which is provided for setting the difference between a 


height of the second pixel electrode with respect to the substrate in the light 
reflection portion and a height of the second pixel electrode which is formed 
in a superposed manner on the other gate signal line with respect to the 
substrate to equal to or less than 0.1 (urn is interposed at at least one of the 
light reflection portion and the other gate signal line. 
Means 9. 

A liquid crystal display device according to the present invention 
includes, for example, pixel regions each of which is divided into a light 
reflection portion and a light transmission portion on a liquid-crystal-side 
surface of one substrate out of substrates which are arranged to face each 
other in an opposed manner while sandwiching liquid crystal therebetween, 
wherein 

the pixel region is formed as a region which is surrounded by a pair 
of gate signal lines and a pair of drain signal lines and includes a thin film 
transistor which is operated in response to scanning signals from one gate 
signal line out of the pair of gate signal lines and first and second pixel 
electrodes to which video signals from one drain signal line out of the pair of 
drain signal lines are supplied through the thin film transistor, and 

on each pixel region, the first light-transmitting pixel electrode 
which is formed on the light reflection portion and the light transmission 
portion, a material layer which is formed on a major portion of the light 
reflection portion, an insulation layer which is formed on the light reflection 
portion and the light transmission portion, and the second pixel electrode 
which is formed on the light reflection portion and also functions as a 
reflection film are sequentially laminated. 
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Means 10. 

A liquid crystal display device according to the present invention 
includes, for example, pixel regions each of which is divided into a light 
reflection portion and a light transmission portion on a liquid-crystal-side 
« surface of one substrate out of substrates which are arranged to face each 

other in an opposed manner while sandwiching liquid crystal therebetween, 
wherein 

the pixel region is formed as a region which is surrounded by a pair 
^ of gate signal lines and a pair of drain signal lines and includes a thin film 

hj transistor which is operated in response to scanning signals from one gate 

signal line out of the pair of gate signal lines and first and second pixel 

yy 

y3 electrodes to which video signals from one drain signal line out of the pair of 

Sf 

u drain signal lines are supplied through the thin film transistor, 

jjj on each pixel region, the first light-transmitting pixel electrode 

0 which is formed on the light reflection portion and the light transmission 

fU portion, a material layer which is formed on a major portion of the light 

reflection portion, an insulation layer which is formed on the light reflection 

portion and the light transmission portion, and the second pixel electrode 

which is formed on the light reflection portion and also functions as a 

reflection film are sequentially laminated, and 

the difference between a total layer thickness of the first pixel 

electrode and the material layer and a layer thickness of the gate signal line 

is set to equal to or less than 0.1 \im. 

Means 11. 

A liquid crystal display device according to any one of the means 1 to 
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the means 10 includes, for example, a backlight. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a plan view showing one embodiment of a pixel of a liquid 
crystal display device according to the present invention. 

Fig. 2 is a plan view showing one embodiment of an equivalent 
circuit of the whole liquid crystal display device according to the present 
invention. 

Fig. 3 is a cross-sectional view taken along a line III-III of Fig. 1. 
^ Fig. 4A to Fig. 4F are process flow views showing one embodiment of 

S a manufacturing method of the liquid crystal display device according to the 

gj present invention. 

iO 

q Fig. 5 is a cross-sectional view showing another embodiment of the 

pixel of the liquid crystal display device according to the present invention. 

Fig. 6 is a cross-sectional view showing another embodiment of the 
pixel of the liquid crystal display device according to the present invention. 

Fig. 7 is a cross-sectional view showing another embodiment of the 
pixel of the liquid crystal display device according to the present invention. 

Fig. 8 is a cross-sectional view showing another embodiment of the 
pixel of the liquid crystal display device according to the present invention. 

Fig. 9 is a cross-sectional view showing another embodiment of the 
pixel of the liquid crystal display device according to the present invention. 

Fig. lOAto Fig. 10B are plan views showing other embodiments of a 
pixel electrode which also functions as a reflection electrode of the liquid 
crystal display device of the present invention. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 
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Embodiments of a liquid crystal display device according to the 
present invention are explained in detail in conjunction with drawings 
hereinafter. 

«Overall equivalent circuit» 

FIG. 2 is a plan view showing one embodiment of an overall 
equivalent circuit of a liquid crystal display device according to the present 
invention. 

In the drawing, there are shown a pair of transparent substrates 
SUB1, SUB2 which are arranged to face each other in an opposed manner 
while inserting liquid crystal therebetween. The liquid crystal filled in a 
.Jjjj space defined between a pair of transparent substrates SUB1, SUB2 is 

sealed by a sealing member SL which is also served for fixing the other 
p transparent substrate SUB2 to one transparent substrate SUB1. 

On a liquid-crystal-side surface of one transparent substrate SUB1 
which is surrounded by the sealing member SL, gate signal lines GL which 
are extended in the x direction and are arranged in the y direction in parallel 
and drain signal lines DL which are extended in the y direction and are 
arranged in the x direction in parallel are formed. 

Regions which are surrounded by respective gate signal lines GL 
and respective drain signal lines DL constitute pixel regions and a liquid 
crystal display part AR is constituted by a mass of these respective pixel 
regions arranged in a matrix array. 

On each pixel region, a thin film transistor TFT which is operated 
by the supply of scanning signals from the one-side gate signal line GL and a 
pixel electrode PX to which video signals are supplied from the one-side 


>0 


M 1 
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drain signal line DL by way of the thin film transistor TFT are formed. 

The pixel electrode PX forms a capacitive element Cadd between the 
pixel electrode PX and other gate signal line GL which is different from the 
gate signal line GL for driving the thin film transistor TFT. Due to this 
capacitive element Cadd, the video signals supplied to the pixel electrode PX 
are stored for a relatively long time. 

»*? 
% 

The pixel electrode PX in each pixel region is configured to generate 
an electric field between the pixel electrode PX and a counter electrode CT 

^ which is formed in common with respective pixel regions on the other 

p 

Pi transparent substrate SUB2. The light transmittivity of the liquid crystal 

Hp 

can be controlled in response to this electric field. 

q Respective ends of the gate signal fines GL are extended over the 

SI 

$ sealing member SL and the extended end constitute terminals to which 

yj output terminals of a vertical scanning driving circuit V are connected. 

yO Further, signals from a printed circuit board which is arranged outside the 

D 

HJ liquid crystal display device are inputted to input terminals of the vertical 

scanning driving circuit V. 

The vertical scanning driving circuit V includes a plurality of 
semiconductor devices, wherein a plurality of neighboring gate signal lines 
GL are formed into a group and one semiconductor device is allocated to each 
group. 

Respective ends of the drain signal lines DL are extended over the 
sealing member SL and the extended ends constitute terminals to which 
output terminals of a video signal driving circuit He are connected. Further, 
signals from the printed circuit board which is arranged outside the liquid 
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crystal display device are inputted to input terminals of the video signal 
driving circuit He. 

This video signal driving circuit He also includes a plurality of 
semiconductor devices, wherein a plurality of neighboring drain signal lines 
DL are formed into a group and one semiconductor device is allocated to each 
group. 

Respective gate signal lines GL are sequentially selected one by one 
in response to the scanning signals from the vertical scanning driving circuit 
V. 

Further, the video signals are supplied to respective drain signal 


0 lines DL by the video signal driving circuit He while being matched with the 

if! timing of the selection of the gate signal lines GL. 

SI 

p A backlight BL is mounted on a back surface of the liquid crystal 


display device having such a constitution and this light source is turned on 
when the liquid crystal display device is used in a transmission mode. 

Although the vertical scanning driving circuit V and the video signal 
driving circuit He are respectively mounted on the transparent substrate 
SUB1 in this embodiment, it is needless to say that the present invention is 
not limited to such a constitution and these circuits V, He may be provided 
outside the transparent substrate SUB1. 
«Constitution of pixels» 

Fig. 1 is a plan view showing one embodiment of the pixel regions. 
Although respective pixels for R, G and B are shown in the drawing as pixels 
for color display, they only differ in color of color filters and have the same 
constitution. 
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Following explanation is made by focusing on one pixel out of these 
three pixels. A cross section taken along a line III-III in the drawing is 
shown in Fig. 3. 

In the drawing, on a liquid-crystal-side surface of the transparent 
substrate SUBl, first of all, a pair of gate signal lines GL which are extended 
in the x direction and are arranged in parallel in the y direction are formed. 
These gate signal lines GL are, for example, made of Al (aluminum) and 
anodic oxidation films AOF are formed on surfaces of the gate signal lines 
GL. 

These gate signal lines GL surround a rectangular region together 
with a pair of drain signal lines DL which will be explained later and this 


yp region constitutes a pixel region. 


A light-transmitting pixel electrode PX1 formed of an ITO (Indium - 


jjj Tin-Oxide) film, for example, is formed on a central portion of the pixel 

jjj region except for a trivial peripheral portion. 

P 

fU The pixel electrode PX1 functions as a pixel electrode in a region of 

the pixel region which allows light from a backlight BL to pass therethrough 
and is classified from a pixel electrode PX2 which also functions as a 
reflection electrode as will be explained later. 

On the surface of the transparent substrate SUBl on which the gate 
signal lines GL and the pixel electrodes PX1 are formed, an insulation film 
GI made of, for example, SiN (silicon nitride) is formed. The insulation film 
GI is formed such that the insulation film GI is extended over regions where 
thin film transistors TFT are formed (partial regions of gate signal lines GL) 
and portions where the gate signal lines GL and the drain signal lines DL 
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cross each other arranged in the vicinity of the thin-film-transistor forming 
regions. 

The insulation film GI which is formed over the regions where thin 
film transistors TFT are formed functions as a gate insulation film of the 
thin film transistors TFT and the insulation film GI which is formed over the 
portions where the gate signal lines GL and the drain signal lines DL cross 
each other functions as an interlayer insulation film. 

On a surface of the insulation film GI, a semiconductor layer AS 
^ made of amorphous Si (silicon) is formed. 

p{ The semiconductor layer AS constitutes a semiconductor layer of the 

2 thin film transistor TFT. That is, by forming a drain electrode SD1 and a 

3 

ij3 source electrode SD2, an MIS transistor having an inverse stagger structure 

si 

ii which uses a portion of the gate signal line GL as a gate electrode can be 

bj formed. 

y§ The semiconductor layer AS is formed such that the semiconductor 

D 

Hj layer AS is also extended over the portion where the gate signal line GL and 

the drain signal line DL cross each other thus strengthening the function of 
these signal lines as the interlayer insulation film together with the 
insulation film GI. 

Further, although not shown in the drawing, above the surface of 
the semiconductor layer AS and in a boundary between the drain electrode 
SD1 and the source electrode SD2, a semiconductor layer doped with 
impurity (for example, phosphorus) of high concentration is formed and a 
contact layer dO is formed of this semiconductor layer. 

The drain electrode SD1 and the source electrode SD2 are formed 
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simultaneously with the formation of the drain signal lines DL. 

That is, the drain signal lines DL which are extended in the y 
direction and are arranged in parallel in the x direction are formed, a portion 
of each drain signal line DL is extended over an upper surface of the 
semiconductor layer AS thus forming the drain electrode SD1, and the source 
electrode SD2 is formed spaced apart from the drain electrode SD1 by a 
channel length of the thin film transistor TFT. 

The drain signal line DL is constituted of a sequentially laminated 

^ body made of Cr and Al, for example. 

P 

P The source electrode SD2 is slightly extended from the 

yg semiconductor layer AS surface such that the source electrode SD2 reaches 

iQ the pixel region side thus establishing the electric connection between the 

j~ 2 

£ source electrode SD2 and the pixel electrode PX1. Further, the source 

P 

jUf electrode SD2 is provided with a contact portion to establish the electric 
*J3 connection between the source electrode SD2 and the pixel electrode PX2 

D 

fU which also functions as a reflection electrode as will be explained later. 

Here, the extension portion of the source electrode SD2 not only 
performs the function of connecting the source electrode SD2 to the pixel 
electrodes PX1 and PX2 as mentioned above but also is extended over a 
major portion of a light reflection portion (region where the pixel electrode 
PX2 is formed as will be explained later) such that the difference in height 
due to a step does not appear remarkably in the pixel electrode PX2 in the 
light reflection portion. 

That is, when the extension portion of the source electrode SD2 is 
provided with only the function of connecting the source electrode SD2 to the 
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pixel electrodes PX1 and PX2, the extension portion may be formed as a 
contact portion and the extension portion becomes relatively short. 
Accordingly, a step formed around the extension portion explicitly appears 
remarkably on a surface which forms the pixel electrode PX2 which also 
functions as the reflection electrode as will be explained later (upper surface 
of a protective film PSV which will be explained later) so that a step is also 
formed on a surface of the pixel electrode PX2. 

Further, with the use of the constitution of this embodiment, the 
extension portion of the source electrode SD2 occupies a region of relatively 
large area and this implies that the side is relatively elongated. 

Accordingly, in the fabrication of the liquid crystal display device, 
impurities such as dusts hardly remains in the vicinity of the pixel electrode 
PX2 so the drawbacks derived from the impurities can be obviated. 

Here, when the gate electrode of the thin film transistor TFT 
functions as the contact portion, the area of the contact portion is small and 
the side thereof is formed in a slightly complicated manner due to the 
selective etching using a photolithography technique and hence, impurities 
such as dusts remain here so that the function of the gate electrode as the 
contact portion has been often damaged. 

Over the surface of the transparent substrate SUB1 on which the 
drain signal lines DL and the drain electrodes SD1 and the source electrodes 
SD2 of the thin film transistors TFT are formed, a protective film PSV made 
of SiN, for example, is formed. This protective film PSV is a layer which 
obviates the direct contact of the thin film transistor TFT with the liquid 
crystal LC and is served for preventing the deterioration of the 
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characteristics of the thin film transistors TFT. 

In portions of the protective film PSV which correspond to the light 
transmission portions of the pixel regions, opening portions OM are formed. 
The light-transmitting pixel electrodes PX1 are exposed through these 
opening portions OM. The opening portions OM of the protective film PSV 
through which the pixel electrode PX1 is exposed are regions which 
constitute the light transmission portions and define regions which are 
classified from the regions of the light reflection portions in the pixel regions. 

Further, in the protective film PSV, the contact holes CH which are 
formed simultaneously with the formation of the opening portions OM are 
formed. A portion of the source electrode SD2 of the thin film transistor 
kQ TFT is exposed through each contact hole CH. 


On an upper surface of the protective film PSV, the pixel electrodes 
W PX2 which also function as the reflection electrodes are formed. Each pixel 

ffl 1 electrode PX2 is formed of a non-light transmitting conductive film 

D 

W consisting of a sequential laminating body made of Cr and Al, for example. 

The pixel electrode PX2 is formed such that the pixel electrode PX2 
occupies a major portion of the pixel region while avoiding the region where 
the opening portion OM is formed in the protective film PSV. 

Then, the pixel electrode PX2 has a portion thereof electrically 
connected to the source electrode SD2 of the thin film transistor TFT 
through the contact hole CH which is partially formed in the portion of the 
protective film PSV. 

Further, the pixel electrode PX2 is formed such that the pixel 
electrode PX2 is extended to a position where the pixel electrode PX2 is 
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superposed on other neighboring gate signal line GL which is different from 
the gate signal line GL for driving the above-mentioned thin film transistor 
TFT. A capacitive element Cadd which uses the protective film PSV as an 
dielectric film is formed in the extension portion of the pixel electrode PX2. 

Over the upper surface of the transparent substrate SUB1 on which 
the pixel electrodes PX2 are formed, an orientation film (not shown in the 
drawing) is formed such that the orientation film also covers the pixel 
electrodes PX2 and the like. The orientation film is a film which is directly 
brought into contact with the liquid crystal LC and determines the initial 
orientation direction of molecules of the liquid crystal LC by rubbing a 
surface thereof. 

The transparent substrate SUB2 is arranged to face the transparent 
substrate SUB1 having such a constitution in an opposed manner while 
sandwiching the liquid crystal therebetween. On a liquid-crystal-side 
surface of the transparent substrate SUB2, a black matrix BM is formed 
such that the black matrix BM defines respective pixel regions. That is, the 
black matrix BM which is formed over at least the liquid crystal display part 
AR is provided with a pattern which forms openings except for peripheral 
portions of respective pixel regions thus enhancing the contrast of display. 

Further, the black matrix BM is formed such that the black matrix 
BM sufficiently covers the thin film transistors TFT of the transparent 
substrate SUB1 side so that it is possible to prevent an external light from 
being irradiated to the thin film transistors TFT whereby the deterioration 
of the characteristics of the thin film transistors TFT can be obviated. The 
black matrix BM is formed of a resin film which contains black pigment 


therein, for example. 

Over the surface of the transparent substrate SUB2 on which the 
black matrix BM is formed, color filters FIL are formed such that these color 
filters FIL cover the openings formed in the black matrix BM. These color 
filters FIL are constituted of filters of respective colors consisting of red (R), 
green (G) and blue (B), for example. Here, the red filter, for example, is 
formed in common with respect to a group of respective pixel regions which 
are arranged in parallel in the y direction, while with respect to such groups 

1^ of pixel regions which are arranged in the x direction, they are sequentially 

D 

p arranged in the order of red (R), green (G), blue (B), red (R), ... . These 

s 

respective filters are formed of resin films which contain pigments 

m 

yo corresponding to respective colors. 

SI 

9 Over the surface of the transparent substrate SUB2 on which the 

P 

W black matrix BM and the color filters FIL are formed, a flattening film OC is 

h* 

0 formed such that the flattening film OC also covers the black matrix BM and 

P 

f~ the color filters FIL. The flattening film OM is a resin film which is formed 

by coating and is served for eliminating steps which become apparent due to 
the formation of the black matrix BM and the color filters FIL. 

Over an upper surface of the flattening film OC, a light transmitting 
conductive film made of an ITO film, for example, is formed. With the 
provision of this conductive film, a counter electrode CT which corresponds 
to respective pixel regions in common is formed. 

Over a surface of the flattening film OC, an orientation film (not 
shown in the drawing) is formed. The orientation film is a film which is 
directly brought into contact with the liquid crystal LC and determines the 
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initial orientation direction of molecules of the liquid crystal LC by rubbing a 
surface thereof. 

In the liquid crystal display device having such a constitution, the 
source electrode SD2 of each thin film transistor TFT is formed such that the 
source electrode SD2 is extended to a region corresponding to the light 
i£ reflection portion of the pixel region. 

Accordingly, the pixel electrode PX2 which is formed on the light 
reflection portion by way of the protective film PSV can be formed in a 
1^ flattened shape with no difference in height derived from the steps. 

p This enables the liquid crystal to have a uniform layer thickness in 

kS 

|q the light reflection portion so that the irregularities of contrast which is 

generated due to the irregularities of the layer thickness can be drastically 

suppressed. 

D 

yJ Further, although it is not directly relevant to the light reflection 

M* 

ill portion, the height of the pixel electrode PX2 with respect to the transparent 

P 

ftp substrate SUB1 in the portion where the capacitive element Cadd is formed 

can be set substantially equal to the height of the pixel electrode PX2 with 
respect to the transparent substrate SUB1 in the light reflection portion. 

Although a portion on which the capacitive element Cadd is formed 
constitutes a portion covered with the black matrix BM, at a portion which is 
disposed in the inside of the opening of the black matrix BM and is disposed 
close to the capacitive element Cadd, it is possible to prevent the generation 
of the influence derived from the difference in height of the pixel electrode 
PX2 with respect to the transparent substrate SUB1. 

Accordingly, by respectively setting "a layer thickness of the gate 
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signal line GL" and "a total layer thickness of the source electrode SD2 of the 
pixel electrode PX1 and the thin film transistor TFT" to equal to or less than 
100 nm, it is possible to suppress the irregularities of height of the pixel 
electrode PX2 with respect to the transparent substrate SUB1 as small as 
possible. 

Then, by setting the difference between "the layer thickness of the 
gate signal line GL" and "the total layer thickness of the source electrode 
SD2 of the pixel electrode PX1 and the thin film transistor TFT" to equal to 
or less than 0.1 \im, it is possible to restrict the irregularities of height of the 
pixel electrode PX2 with respect to the transparent substrate SUB1 to equal 
to or less than o.lfim. 

Due to such a constitution, the layer thickness of the liquid crystal 
LC can be substantially made uniform in the light reflection portion of the 
pixel region and hence, the reduction of the contrast can be suppressed. 

In the above-mentioned embodiment, the source electrode SD2 of 
each thin film transistor TFT is sufficiently extended over the light reflection 
portion so as to prevent the generation of steps of the pixel electrode PX2 
which is formed on the source electrode SD2. 

However, it is needless to say that the same advantageous effect can 
be obtained by using other material layer which is electrically (or physically) 
separated from the source electrode SD2. 

In this case, since the film thickness of the material layer can be set 
irrespective of the source electrode SD2 of the thin film transistor TFT, an 
advantageous effect that the flattening of the pixel electrode PX2 can be 
easily achieved is obtained. 


«Fabricating method» 

Hereinafter, one embodiment of the fabricating method of the 
transparent-substrate-SUBl side of the above-mentioned liquid crystal 
display device is explained in conjunction with Fig. 4A to Fig. 4F. 
Step 1. (Fig. 4A) 

The transparent substrate SUB1 was prepared and an Al film 
r * having a film thickness of approximately 260 nm was formed on a main 

surface (liquid-crystal-side surface) of the transparent substrate SUB1 by a 
^ sputtering method, for example. Then, the Al film was selectively etched 
using a photolithography technique so as to form the gate signal lines GL. 

. 

yy Then, the gate signal lines GL were subjected to the anodic 

s 

go oxidation in a tartaric acid solution so as to form anodic oxidation films AOF 

M 

p on the gate signal lines GL. It is preferable to set a film thickness of the 

UJ anodic oxidation films AOF to approximately 154 nm. 

m Step 2. (Fig. 4B) 

P 

flJ On the main surface of the transparent substrate SUB1 on which 

the gate signal lines GL were formed, a light-transmitting conductive film 
formed of an ITO (Indium-Tin-Oxide) film, for example, was formed and the 
conductive film was selectively etched by a photolithography technique so as 
to form the pixel electrodes PX1. 
Step 3. (Fig. 4C) 

The insulation film made of SiN having a film thickness of 
approximately 240 nm was formed on the main surface of the transparent 
substrate SUB1 on which the pixel electrodes PX1 were formed using a CVD 
method, for example. In the same manner, an amorphous silicon layer 
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having a film thickness of approximately 200 nm was formed on the 
insulation film and, thereafter, an n + -type amorphous silicon layer doped 
with phosphorus (P) and having a film thickness of approximately 35 nm was 
formed on the amorphous silicon film. 

Then, the selective etching was performed using a photolithography 
technique to etch the semiconductor layer and the insulation film together so 
as to form the insulation film GI and the semiconductor layers AS. As such 
an etching, a dry etching which uses a sulfur hexafluoride gas is suitable. 

Here, since the etching speed of the amorphous silicon is greater 
than the etching speed of the insulation film, a normal taper having an angle 
of approximately 4° is provided to sides which constitute a profile of the 
insulation film GI and a normal taper having an angle of approximately 70° 
is provided to sides which constitute a profile of the semiconductor layer AS. 
Step 4. (Fig. 4D) 

A Cr layer and an Al layer were sequentially formed on the main 
surface of the transparent substrate SUB1 on which the insulation film GI 
and the semiconductor layers AS were formed using a sputtering method, for 
example. Here, it is preferable to set a film thickness of the Cr layer to 30 
nm and a film thickness of the Al layer to 200 nm. 

Thereafter, the selective etching was performed using a 
photolithography technique so as to form the drain signal lines DL and the 
drain electrodes SD1 and the source electrodes SD2 of the thin film 
transistors TFT having a two-layered structure. 

Here, it is preferable to use a mixed solution of phosphoric acid, 
hydrochloric acid and nitric acid as an etchant for Al, while it is preferable to 


26 


use a cerium nitrate ammonium solution as an etchant for Cr. 

Then, using the drain electrodes SD1 and the source electrodes SD2 
of the patterned thin film transistors TFT as masks, the n + -type amorphous 
silicon layers formed on the surface of the semiconductor layers AS exposed 
from the masks were etched. Here, it is preferable to adopt a dry etching 
which uses a sulfur hexafluoride gas as an etchant. 
Step 5. (Fig. 4E) 

On the main surface of the transparent substrate SUB1 on which 
y. the drain signal lines DL and the drain electrodes SD1 and the source 
fk electrodes SD2 of the thin film transistors TFT were formed, an SiN film 


yo having a film thickness of approximately 600 nm was formed using a CVD 

io 

q method, for example, and the SiN film was selectively etched using a 


9 photolithography technique to form the protective film PSV. 

P 

US. In performing such an etching, the contact holes CH which expose 

10 the portions of the extension portions of the source electrodes SD2 of the thin 
fU film transistors TFT were simultaneously formed. 

Step 6. (Fig. 4F) 

A Cr layer and an Al layer were sequentially formed on the main 
surface of the transparent substrate SUB1 on which the protection film PSV 
was formed using a sputtering method, for example. Then, the Cr layer and 
the Al layer were selectively etched using a photolithography technique to 
form the pixel electrodes PX2 which also function as the reflection electrodes. 

Here, it is preferable to use a mixed solution of phosphoric acid, 
hydrochloric acid and nitric acid as an etchant for Al, while it is preferable to 
use an ammonium cerium nitrate solution as an etchant for Cr. 
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In this case, openings were formed in the pixel electrodes PX2 such 
that each opening occupies approximately a half of the pixel region. 

Thereafter, openings were formed on portions of the protective films 
PSV which were exposed from the openings of the pixel electrodes PX2 so as 
to expose the pixel electrodes PX1 as shown in Fig. 3, wherein these portions 
constitute the light transmission portions. 

In place of sequentially forming the Cr layer and the Ar layer to 
form the pixel electrodes PX2, a Mo alloy layer and an Al layer may be 
,^ sequentially formed or a Mo alloy layer and an Al alloy layer may be 

it; sequentially formed. It is preferable to use MoCr as the Mo alloy. This is 

s 

advantageous since the etching can be performed at one time. 
Embodiment 2. 

Fig. 5 is a constitutional view showing another embodiment of the 
jjj liquid crystal display device of the present invention and corresponds to Fig. 

yy 3 which shows the constitution of the embodiment 1. 

H 

mJ In constitution, this embodiment differs from the embodiment 1 

shown in Fig. 3 in that material layers DML for adjusting height are formed 
at portions where the light reflection portions and capacitive elements Cadd 
are formed. 

Due to such a constitution, the difference in height of the respective 
pixel electrodes PX2 with respect to the transparent substrate SUB1 at these 
portions can be set to equal to or less than 0.1 \xm. 

Accordingly, as shown in Fig. 5, it is needless to say that it is 
unnecessary to form the material layers DLM for adjusting height 
respectively at the portions where the light reflection portions are formed 
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and at the portions where the capacitive elements Cadd are formed, that is, 
the material layers DLM for adjusting height can be formed either at the 
portions where the light reflection portions are formed or at the portions 
where the capacitive elements Cadd are formed. 
Embodiment 3. 

Fig. 6 is a constitutional view showing still another embodiment of 
the liquid crystal display device of the present invention and corresponds to 
Fig. 3 which shows the constitution of the embodiment 1. 

In constitution, this embodiment differs from the embodiment 1 
shown in Fig. 3 in that a protective film PSV2 which is made of SiN, for 
example, is further formed on an upper surface of the pixel electrodes PX2 
and neither the protective film PSV nor the protective film PSV2 is provided 

with opening portions OM. 

P 

yj Embodiment 4. 

P 

iQ Fig. 7 is a constitutional view showing still another embodiment of 

fyi the liquid crystal display device of the present invention and corresponds to 

Fig. 6 which shows the constitution of the embodiment 3. 

In constitution, this embodiment differs from the embodiment 3 
shown in Fig. 6 in that both of the protective films PSV, PSV2 are provided 
with opening portions and side walls of the protective films PSV2 are formed 
such that these side walls cover side walls of the protective films PSV. 
Embodiment 5. 

Fig. 8 is a constitutional view showing still another embodiment of 
the liquid crystal display device of the present invention and corresponds to 
Fig. 6 which shows the constitution of the embodiment 3. 
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In the drawing, opening portions are formed in the protective films 
PSV, while opening portions are not formed in the protective films PSV2. 
Embodiment 6. 

Fig. 9 is a constitutional view showing still another embodiment of 
the liquid crystal display device of the present invention and corresponds to 
Fig. 6 which shows the constitution of the embodiment 3. 

In the drawing, both of the protective films PSV, PSV2 are provided 
with opening portions and dislocations between the protective films PSV, 
PSV2 are observed at the side walls of the openings with naked eyes. 
Embodiment 7. 

In the above-mentioned respective embodiments, the pixel 
electrodes PX2 which also function as the reflection electrodes are formed as 

si 

? the pattern which has openings within the planar region. Such a 


□ 
P 

m 


fessf 

w 


constitution brings about an advantageous effect that even when a physical 
disconnection occurs at a portion of the pixel electrode PX2 where a line 
width is narrow, the electrical separation can be obviated. 

However, the present invention is not limited to the above- 
mentioned constitution shown in respective embodiments and, as shown in 
Fig. 10A and Fig. 10B, it is needless to say that the pixel electrodes PX2 
which also function as the reflection electrodes can be formed using a pattern 
which cuts away portions of sides of the pixel electrodes. 

Due to such a constitution, even at a portion of the pixel electrode 
PX2 where a line width is narrow, the portion can ensure the width wider 
than the line width of the portion of the pixel electrode PX2 in the previous 
embodiment and hence, the probability of the occurrence of disconnection 
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can be suppressed to a small value. 

Further, in the above-mentioned respective embodiments, the 
capacitive element which has one terminal thereof formed as the pixel 
electrode has the other end thereof formed as the gate signal line GL. 
However, it is needless to say that the present invention is directly 
applicable to a constitution in which, for example, a capacitive element line 

* i' 

is formed separately from the gate signal line GL in the pixel region and the 
capacitive element is formed between the capacitive element line and the 
pixel electrode. 

P 

p In such a constitution, the capacitance element line is usually 

*0 

jU formed substantially in parallel to the gate signal line GL and except that 

yj the capacitance element line exhibits the electric function different from the 

M 

u function of the gate signal line GL, the other constitution of the liquid crystal 

W display device such as the layer structure is exactly as same as the 

M ; 

tf3 corresponding constitution of the previous embodiments and hence, the 

O 

ttf present invention is applicable directly. 

As can be clearly understood from the foregoing explanation, 
according to the liquid crystal display device of the present invention, the 
reduction of the contrast which is generated in the light reflection mode can 
be drastically suppressed. 
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